the US. These include changes in effective stimulus intensity, electrical artifact correlated with performance of the conditioned response, neural activity evoked by performance of the conditioned response ("sensory feedback"), and sensitization or general increases in neural excitability due to the mere presentation of the CS and US rather than-to their paired presentation. Previous studies have not simultaneous1 y controlled for all of these variables.
In order to attribute changes in electrophysiological recordings to neural events, it is imperative that the stimulus characteristics be held constant. Effective stimulus intensity at the cochlea can be altered bv action of the middle ear muscles (8), by changes in head position relative to the sound source (20) , and by masking noise produced by the subject's own movements (15) . Artifact which is correlated with performance of the conditioned response may take the form of electromyographic activity that is volume conducted to the recording, or electrical noise that is due to movement of the cable itself. The actual movements that constitute a behavioral conditioned response may be accompanied by increased neural activity (13), possibly due to proprioceptive stimulation, that will in turn evoke neural responses. In the present experiment, effective stimulus intensity was kept constant, electrical artifacts were eliriiinated, and response-produced sensory feedback was greatly reduced by paralyzing the subjects.
The paralytic control has seldom been used in neurophysiological studies of be- It is also essential to control for the pos- There remains yet another consideration in attempting to determine whether or not auditory system responses to a CS are enhanced during the establishment of a behavioral conditioned response, the question of sensory system specificity.
Even if auditory responses are augmented, using the appropriate controls discussed above, such changes may also occur in sensory systems which do not process the CS (17, 19, 29) . This possibility may be investigated by recording responses in another sensory pathway which are evoked either by the acoustic CS or by "probe" stimuli appropriate to that sensory system. In the present study, multiple-unit activity in the somatosensory system, as well as the auditory system, was recorded and responses to both the acoustic conditioned stimuli and somatosensory probe stimuli were analyzed. during a after trial occurred after tria trial a lways occurred precise1 Y 0.9 s onset. Therefore, two probes a lwavs during each trial, the -first at 0.9. s onset, and t he second probe, 3.9 s after trial onset. Results from this phase will be presented in a separate communication.
3) Sensitization. This phase was begun following habituation to the tone and consisted of 20 trials of acoustic stimulation, 10 each of white noise and tone, randomly intermixed. Additionally, 10 US were presented, randomly intermixed with the acoustic stimuli, with the constraint that a US could not occur within 10 s of an acoustic stimulus. Sensitization served as the base line for the assessment of the effects of subsequent conditioning and discrimination treatments. 4) Conditioning. There were 60 conditioning trials, each consisted of the presentation of an acoustic stimulus with the US occurring at stimulus offset. On day I of training, the white noise was designated as the CS+, and was always followed by the US. The tone was designated as the CS-, was never followed by the US, and was not presented during the conditioning phase. These designations were reversed for day 2 training, as explained below. 5) Discrimination. Discrimination training consisted of 80 trials; 40 CS+ trials were randomly intermixed with 40 CS-trials, wrth the restriction that not more than 3 trials of one type occurred consecutively. Thus, the average shock density was the same as during sensitization, one shock per two trials.
The animals were recovered following training with the assistance of injections of atropine sulfate (0.5 mg, ip) followed by neostigmine (1 mg, ip).
6) Discrimination reversal. Six of the nine cats received a 2nd day of training 1 wk later. The remaining three cats failed to recover from paralysis on day I. All procedures were the same as on day I except that tone preceded white noise during habituation (phase 2), and that the tone became the CS+ and white noise served as the CS-.
Recording

Pupillary
size was sensed by an infrared pupillometer, the output of which was amplified, written out on one channel of a Grass model 7 polygraph, and then recorded on an FM channel of a Crown-Vetter model A tape recorder (bandwidth, DC-600 Hz). Neural multiple-unit activity was amplified by Tektronix type 122 preamplifiers, whose output was led into the polygraph for additional amplification and then into high-pass filters, and finally -was recorded on AM channels of the tape recorder. The frequency response of this recording system was flat between 500 and 5 kHz. Pulses coincident with the onset of the probe and acoustic stimuli were also recorded.
Data analvsis
All data were analyzed with the assistance of a PDP 8 computer. Pupillary data were led into an analogue-digital converter.
Multiple-unit data were played back through the high-pass filters, then led to Schmitt triggers which produced a single pulse each time their thresholds were exceeded, and finally to pulse detectors in the computer.
The thresholds were set with the aid of a computer program to pass 400 pulses/s; the segments of the taped data used to set these levels were taken from a period of no stimulation preceding phase 1 of the experiment. Using this procedure, the range of trigger settings varied from 15-25 PV (peak to peak) for recordings from the auditory cortex, somatic cortex, and cuneate nucleus, and from 35-60 FV for the cochlear nucleus. Control checks using other levels were occasionally employed, a procedure which did not alter in any major fashion the results obtained.
The computer counted the number of pulses occurring during the 1 s immediately preceding trial onset, and during the 5 s of acoustic stimulation, excluding the US which followed. The numbers of pulses were stored in consecutive 25-ms bins. Thus, there were 40 pretrial bins and 200 pertrial bins. The effects of acoustic stimulation on the rate of multiple unit activity were calculated by subtracting the mean pretrial rate from the mean pertrial rate, yielding a difference score for each trial for each of the four recording sites. These difference scores are hereafter referred to as "responses." The same type of analysis was performed on the digitized pupillary data, except that the output is expressed in arbitrary units rather than spikes per second. Appropriate statistical tests were performed on the data, as described in the RESULTS. Subsidiary analyses were also performed to include two pretrial probe stimuli and two posttrial stimuli by using 50-ms bins.
Histology
Following the completion of behavioral training, each cat was sacrificed with an overdose of sodium pentobarbital, and small lesions placed at the tip of each electrode with anodal current. The head was perfused with saline followed by 10% formalin, the brain removed, and stored in formalin-potassium ferrocyanide solution. 
RESULTS
Electrode placements
Recording loci are depicted in Fig. 1 . All nine auditory cortex placements lay within the dorsal ectosylvian gyrus (area A& and all nine somatic cortex placements were in the posterior sigmoid gyrus (area SJ. Of the nine cochlear nucleus electrodes, five were in the anteroventral cochlear nucleus, two were in the posteroventral cochlear nucleus, and two failed to reach the target. Seven of the cuneate nucleus electrodes were placed correctly, one was in the adjacent lateral tegmental field, and the other was in the dorsal motor nucleus of the vagus. Data obtained from the four misplaced electrodes are not included in the analyses.
Pupillary behavior
Pupillary-dilation responses were elicited by the initial presentation of the tactile probe stimulus, but they were not maintained. The white noise and tone ms. During the sensitization phase, pupillary-dilation responses were again elicited by both white noise and tone. There was no consistent difference in stimulus potency across animals; white noise elicited larger pupillary-dilation response than tone in five cats, smaller pupillary response in four cats.
CONDITIONING.
The effects of CS-US pairing were in evidence during the first 10 conditioning trials; there was an immediate and pronounced increase in pupillary responses to the white noise CS+, compared to the white noise sensitization value (Fig. 2 , day l), and the response continued to grow throughout conditioning. Averaged across all animals, the mean CS+ pupillary response for the entire conditioning phase was significantly greater than the mean pupillary dilation response to white noise during sensitization (P < 0.05, t test for correlated means) (11). Table 1 presents a summary Iof the animals when examined on an individual basis and indicates that eight of the nine cats exhibited a significant increase (P < 0.05, x2 test) in pupillary-dilation response. DISCRIMINATION. In order to compare responses to the CS+ and CS-, the mean responses to white noise and tone during sensitization were subtracted, respectively, from the mean responses to the CS+ and CS-during discrimination. This proce- Pupillary dilations are not measured from an absolute base line but ride on spontaneous fluctuations in pupillary diameter.
In order to determine if the conditioning procedure produced any alteration of spontaneous dilations, pre-CS pupillary levels were examined. While the majority of animals exhibited an increase in pre-CS levels during the training procedure (Fig. 2) , this effect was not significant across animals (t test for correlated means).
We have previously shown that discrimination training may selectively alter the form as well as the magnitude of pupillary responses (24). Therefore, the present data were examined for changes in the pattern of responding.
The white noise and tone stimuli elicited only onset responses during the initial sensitization phase (Fig. 3,  day 1 ). On the first block of conditioning, there was an increase in the onset response, followed by the appearance of a sustained component.
Late in conditioning, pupillary dilation was sustained throughout the duration of the CS+ and it became maximal during discrimination training.
In comparison, there was still only a small onset response to the CS-. During the sensitization phase on day 2, the tone again evoked only an onset response but white noise, the previous CS+, produced a sustained pupillary response. The pupillary-dilation response to the tone CS+ became more sustained during day 2 conditioning and discrimination training, whereas the pupillary-dilation response to the white noise CS-showed a marked reduction in the sustained component (Fig. 3, day 2) .
Pupillary responses to the tactile probe rarely occurred during intertrial intervals, but were observed sometimes during presentation of the auditory stimuli. Such responses appeared as small deflections superimposed on the large pupillarydilation response to the acoustic stimuli (Fig. 3) . The frequency of pupillarydilation response to the probe often increased during conditioning training, but this effect was not consistently found.
Neural resfmms
As all of the animals exhibited conditioned responses at the behavioral level, it was possible to use all of the subjects for the examination of any concomitant modification of neural responses. The neural data are first presented as histogram plots based on counts per bin of multiple-unit responses averaged over 10 trial blocks. These plots were selected from various stages of conditioning from a representative animal. A more comprehensive and more quantitative perspective of the change in response rates, when examined across all training trials, is shown as a 
Auditory cortex
During sensitization, the white noise and tone stimuli both evoked responses in the auditory cortex characterized by a large initial excitation followed by sustained firing, which was barely above the pre-CS base line (Fig. 4~4) mals, the later response component in the auditory cortex consisted of sustained inhibition (Fig. 5A, day 1) . There was also a small but inconsistent auditory cortex response to the tactile probe. Within the first 10 trials of conditioning, both the initial excitatory response to the CS+ and the later sustained response exhibited an increase above the response to white noise obtained during sensitization (Fig. 4B ). This increase in the multiple-unit responses became more pronounced with continued conditioning training (Figs. 4C; 5C, day I), and rose still further during discrimination (Figs. 40; 50, day I; 6, day 1). The dramatic enhancement of CS+ responses was in marked contrast to auditory cortex responses to the CS-, which were either not altered or sometimes diminished (Figs. 50, day 1; 6, day 1).
The larger responses to the CS+, compared to the mean sensitization response to white noise, were statistically significant (P < 0.05, x2 test) for eight of the nine cats (Table 1 , day 1). The cat which exhibited significantly lower auditory cortex responses to white noise during conditioning than during sensitization was the same animal (T26) which failed to show a significant increase in pupillary responses to the CS+. The differentially greater degree of responding to the CS+ than to the CS-was significant for all nine animals (P < 0.05, sign test). These individual results were confirmed by analysis of the group data, revealing that the grand means during conditioning and discrimination were significantly larger (P < 0.05, t test for correlated means) than the mean sensitization value for auditory cortex responses to the CS+, but not for responses to the cs -. All auditory cortex placements exhibited significant discrimination.
During the sensitization period on day 2, the auditory cortex retained the larger responses to white noise than to tone which had developed during day 1 discrimination (Fig. 5A, day 2 ). This result was obtained for all six animals tested on day 2. With reversal of the stimulus contingencies, however, there was an increase in auditory cortex responses to the tone CS+ (Figs. 5C; 6, day Z), which was maintained for the duration of the training for tone for day I; vice versa for day 2). Response to the acoustic stimuli during sensitization on day 1 consisted of a brief increase in activity followed by sustained discharges below pretrial levels ("inhibition").
Note the increase in the initial discharge and the reduction or abolition of the following inhibition during conditioning and discrimination. On day 2, the enhanced response to the white noise stimulus, which developed on day I, is still evident (day 2, A). The inhibition to the tone is systematically reduced during conditioning (B, C) and discrimination (D). Calibrations: 96 spikes per division.
period (Figs. 50; 6, day 2). The CS-re-task itself, such as the difficulty of distinsponses in the auditory cortex again re-guishing between the acoustic stimuli. mained unchanged or were slightly reduced from sensitization levels (Fig. 50 , day 2). Heightened responses to the tone CS+ and greater responding to the CS+ than to the CS-were statistically significant for a majority of the animals (Table 1, day 2). On both days of testing, the pre-CS rate of multiple-unit firing increased slightly during the conditioning period and markedly during the discrimination phase. However, only the latter change in background firing rates was significant (P < 0.05, t test for correlated means). Since the frequency of shock stimulation was the same during discrimination as during sensitization, this enhancement of background firing rates may be attributable to some aspect of the discrimination
Cochlear nucleus
Multiple-unit responses to the two auditory stimuli were largest in the cochlear nucleus, consisting of a pronounced onset response followed by sustained excitation, which was well above base-line activity ( Fig. 74 day 1) . There was no indication of cochlear nucleus responses to the tactile probe. As with the auditory cortex, an increase in multiple-unit responses to white noise occurred during the first 10 trials of CS-US pairing ( Figs. 7B; to the CS-; the reduction of CS-re-differentially larger responses to the CS+ sponses is clearly evident from the plot of than to the CS-were significant across all multiple-unit responses (Fig. 70 , day I), animals (P < 0.05, t test for correlated and was found to be lower than the sen-means). sitization response rate for the group of During the sensitization period on day the animals throughout all of discrimina-2, some animals retained the enhanced tion training (Fig. 8, day 1) . responses to white noise ( Fig. 74 day Z) , Statistical analysis of the results from but most of the animals showed the same each animal revealed that all subjects response magnitude that was found durshowed a significant increase (P < 0.05, x2 ing day I sensitization. A greater number test) in CS+ responses, and five of seven of training trials were required to procats exhibited a significant decrease in duce a change in cochlear nucleus recsresponses (Table 1 , day I). The sponses on day 2 than on day 1, but by group analysis corroborated these indi-the end of conditioning the tone CS+ revidual findings, demonstrating that the sponses were as large as the white noise conditioned increases to the CS+ and the responses had been on day I (Figs. 72? 8, day 2). The tone CS+ responses rose still higher during initial discrimination, but then declined. In marked contrast, responses to the CS-were lower than the sensitization response to white noise from the beginning to the end of discrimination training. For two of the four cochlear nucleus sites tested on day 2, statistics based on individual animals indicated that there was significant conditioning to the tone CS -and significant discrimination reversal. On both day I and day 2, pre-CS base-line activity did not change during conditioning but rose significantly during discrimination, just as was seen in the auditorv cortex.
Thus, both high and low levels of the auditory pathway exhibited significant conditioning, discrimination, and discrimination reversal during pupillary conditioning. What were the effects of the training procedure on another sensory system?
Somatic cortex
In the somatic cortex, there were small but distinct increases in multiple-unit activity following the onset of the auditory stimuli; further bursts of unit discharge occurred to the tactile probes which accompanied each CS trial (Fig. 9A, day 1) . With the advent of the conditioning procedure, somatic cortex responses to the CS+ exhibited a moderate increase above the sensitization level (Fig. 10, day 1) ; a marked development of neural responses had clearly been established by the end of conditioning (Fig. 9C, day 1 ) and discrimination (Figs. 9D; 10, day I). Somatic cortex responses to the CS-were also larger during discrimination than during sensitization, but they never approached the degree of enhancement exhibited by CS+ responses.
The increased somatic cortex responses to the CS+ and to the CS-were statisti- tally significant across all animals (P the differentially greater CS+ than CS-< 0.05, t test for correlated means) and responses were statistically significant (P were significant on an individual basis for < 0.05, x2 test; Table 1 , day 2). The a majority of somatic cortex placements pre-CS activity exhibited no consistent (Table 1 , day 2). Differentially larger re-trend on day 1 training but showed a sigsponses to the CS+ than to the CS-were nificant (P < 0.05, t test for correlated also significant across all animals and for a means) rise in background firing rates majority of individual animals.
during both conditioning and discriminaDuring the sensitization period on day tion procedures on day 2. 2 ( Fig. 9A, day 2) there was no evidence of Neural responses in the highest level of retention effect. When the tone was the somatic pathway, therefore, exhibited paired with shock, there was a marked in-conditioning and discrimination of acouscrease in somatic cortex firing to the CS+ tic conditioned stimuli, differing from the (Fig. 9C, day 2) . The increase in multipleauditory system sites only with regard to unit responses was maintained during dis-the CS-. Was there an area of the brain crimination ( Figs. 9Q day 2; 10, day 2) . where multiple-unit responses to the conThe responses to the CS-were at first as ditioned stimuli were not modified? large as the responses to the CS+, but they progressively diminished.
For a Cuneate nucLeus majority of the somatic cortex sites the inIn the cuneate nucleus, changes in creases in CS+ and CS-responses and multiple-unit firing rate following onset of the white noise and tone stimuli were the CS+ during conditioning (Fig. 12 , day barely evident at all, usually consisting of Z), significant enhancement of CS+ reonly a slight increase in firing rate ( Fig. sponses was shown by only two of the five 1 lA, day I). There were large, although cats with cuneate placements (Table 1 , brief, cuneate responses to the two tactile day 2). Furthermore, there was no indicaprobes presented during the 5-s auditory tion of discrimination (Figs. 11D; 12, day stimuli. At no stage in the day 1 condition-2) and just as many cuneate sites exhibited ing procedure were responses to the CS+ significantly larger responses to the CSgreatly enhanced (Fig. 1 lB, C, day l) , and as to the CS+ (Table 1 , day 2). during discrimination there were often Although cuneate responses to the CS+ greater increases in CS-responses than and CS-showed no consistent tenden-CS+ responses (Figs. 1lD; 112, day 1) . ties, on both training days there was a None of the cuneate nucleus changes steady rise in the multiple-unit backwere statistically significant across animals, ground activity of the cuneate nucleus and individual statistical analyses showed (Figs. 11, 12 ). This increase in pre-CS activthat almost as many animals showed a significant decrease as a significant increase in responding to the CS+ and the CS- (Table 1 , day 1).
Not having displayed either conditioning or discrimination on day I, it was not surprising to observe very little cuneate responding to the acoustic stimuli on day 2 (Fig. 11A, day 2) . While there seemed to be a large increase in cuneate responses to itywas statistically significant on a group basis (P < 0.05, t test for correlated means). Whether this increase in cuneate spontaneous activity was due to the continued presentation of shocks, the effects of muscular paralysis, or some general arousal properties related to the training procedure cannot be determined in the present study. brain areas showed significant response increases during the acquisition of conditioned pupillary responses. Were the neural and pupillary changes closely related? To examine this question, individual animal, trial-by-trial correlation coefficients for the first 30 conditioning trials were computed between each neural area and the pupil. For day 1, only 3 of 32 coefficients were statistically significant.3
The mean values for the group of nine animals were low but positive for the auditory cortex (r = 0.22), cochlear nucleus (r = 0.14), and somatic cortex (r = 0.20), and essentially nil for the cuneate nucleus (r = 0.01). The same analysis for day 2 yielded similar results. Although there was both behavioral and neural acquisition of conditioned responses, the 3 Although there were nine animals and four brain loci which could each be correlated with the pupil, giving a possible total of 36 correlations, two cochlear nucleus and two cuneate nucleus placements were not accurate, leaving only 32 total sites for individual correlations. See Fig. 1 .
neural responses in sensory systems were not highly correlated with pupillary responses.
TRIALS TO CRITERION.
Given that there was enhancement of both neural and behavioral responses, it was then appropriate to ask which brain responses changed first and if the changes in activity in the sensory systems preceded the alteration of pupillary responses. The acquisition criterion was set at five consecutive trials during conditioning on which the CS+ responses were greater than the mean response to that stimulus during sensitization. This criterion indicated consistent increases in responding which were significant at the 0.05 level by the binomial test (31). The discrimination criterion was set at five consecutive trials, during which the change in responding to the CS+ was greater than the change in responding to the CS-. Results are presented in Table 2 .
The pupil and auditory cortex reached Histograms of multiple-unit activity in the cuneate nucleus of animal 7'22 during sensitization (A), early conditioning (trials 1-10) (B), later conditioning (trials 4 l-50) (C), and discrimination (CS+ and CS-trials 8 l-90) (0) for day I and day 2. Note the minimal change in firing rate during presentation of the auditory stimuli, and the progressive increase in both background activity and the probe responses from the sensitization phase through the conditioning and discrimination phases on both days I and 2. crimination, the same results were obtained; i.e., there were no significant difprobe was given in order to test the possiferences among the pupil and the audibility that the conditioning procedure tory loci, but each attained criterion sigproduced general increases in somatosennificantly sooner than did the somatic corsory responsiveness. Since the probe was presented repetitively throughout all tex, which again led the cuneate nucleus. training phases, was not of the CS moInterpretation of these results is com-dality, and was not related to shock conplicated by the variability in cochlear tingency, probe responses should reflect nucleus placements. Both the pupil and nonspecific alterations in responsiveness. the auditory cortex reached the criterion Inspection of Figs. 9 and 11 suggests before the cochlear nucleus in the five that probe responses in the somatic cortex animals whose placements were in the an-and cuneate nucleus did increase during teroventral cochlear nucleus. For the two conditioning and discrimination training. placements in the posteroventral cochlear However, the major data-collection rounucleus (7'23 and T26), however, the tine was limited to only those probes given criterion was reached in five trials, far during a CS. These may have been more more rapidly than either the pupil or the differentially affected than were probes auditory cortex. Nonetheless, that the au-which occurred during a period of ditory loci often followed the developbackground activity. Therefore, all data ment of the enhancement of pupillary re-were recollected in 50-ms bins; this prosponses suggested that they were not re-cedure allowed 6 s of pre-CS activity and sponsible for the initial acquisition of the 6 s of post-CS activity to be collected, in conditioned pupillary dilation. The later addition to the 5 s of CS activity. It was somatic cortex changes were clearly not thus possible to examine two pre-CS essential for behavioral acquisition.
probes, two probes given during the CS (per-CS), and two post-CS probes.
RESPONSES TO PROBE STIMULI.
The tactile Analyses were limited to day 1. During conditioning and discrimination training, increases in probe responses, both within and outside the period of CS presentation, were observed in the somatic cortex and the cuneate nucleus (Fig.  13) . In order to numerically analyze these data, the 50-ms bin immediately following probe onset which exhibited the greatest number of spikes was used to estimate the peak response to each probe. The 50-ms bin prior to probe delivery was subtracted from the peak 50-ms bin in order to measure the base-to-peak response.
The two probes during the pre-CS periods, the per-CS periods, and the post-CS periods were averaged, yielding one estimate for each of the three periods for every trial.
In the case of the cuneate nucleus, all probe responses-pre-CS, per-C& and post-CS-increased during conditioning and discrimination training, relative to the sensitization phase. The largest probe responses were seen during the auditory CS, particularly the CS+ (Fig. 13) CS+ for both conditioning and discrimination (P < 0.05, t test for correlated means). In seven of the nine placements, there was also an enhancement of responses to tactile probes given during the CS-; this increase was not as large as that to the CS+ and was not significant across animals.
Pre-CS probes were not enhanced. Analysis of post-CS responses was confounded by the delivery of shock following the CS+, which produced prolonged afterdischarges and an elevated base line that resulted in a "ceiling" effect. There was no consistent change in probe responses following CS-trials.
Since it was found that somatic cortex responses to the per-CS+ probes rose significantly during conditioning, it might be argued that previous analyses indicating significant increases in somatic cortex responses to the CS+ were due solely to the enhanced probe responses. An indication that this is unlikely may be seen in Figs. 9 and 13, which show that the somatic cortex onset responses preceding the first probe are larger after conditioning training than during sensitization.
To quantify this observation, all data were reexamined with the analysis limited to the first 750 ms following CS onset. This 750-ms period was sufficiently long to include pupillary responses, but preceded the presentation of the first probe given during the CS.
Results of the 750-ms analysis did not alter any of the previous conclusions.
During conditioning and discrimination training, the first 750 ms of the somatic cortex response to the CS+ increased significantly above the sensitization response (P < 0.05, t test for correlated means). There was a smaller but still significant increase to the CS-. As no probe stimulus occurred during this 750-ms period, it follows that neural responses in the somatic cortex increased to the presentation of the auditory stimuli independent of the increased responses to the tactile probe. The results for the other three brain areas and the pupil were also not altered by limiting the analysis to the first 750-ms period.
All areas but the cuneate nucleus exhibited significant conditioning and discrimination during the first 750 ms of the trials.
Did the conditioned neural responses occur before the onset of the conditioned pupillary responses ? The onset latency of the pupillary dilation was ordinarily 180 ms, and never less than 170 ms. Therefore, all analyses were repeated, restricted to the first 150 ms of each trial. The findings for this period revealed significant increases (P < 0.05, t test for correlated means) in response to the CS+ in the auditory cortex, cochlear nucleus, and somatic cortex, as found in the previous analyses. Also, responses to the CSexhibited a significant decrease in the cochlear nucleus and a significant increase in the somatic cortex. The conditioned neural alterations, therefore, could not be attributable to the feedback from the pupillary-dilation response.
DISCUSSION
In the present study, conditioned pupillary-dilation responses were established in paralyzed cats which first had been tested for habituation and sensitization to the acoustic conditioned stimuli. Following conditioning training, all subjects exhibited discrimination between a white noise CS+ and a tone CS-. These modifications of pupillary activity were gradually reversed when the relationships between the two acoustic stimuli and the unconditioned shock stimulus were interchanged on the 2nd day of training. Our previous reports (24, 25, 34) that the pupillary behavior of the immobilized cat can display the essential qualities of Pavlovian conditioned responses were, thus, replicated.
In addition, the present findings provide the basis for examining the effects of Pavlovian conditioning procedures on sensory neural activity during formation of a behavioral conditioned response.
During the course of pupillary conditioning and discrimination, multiple-unit responses to the acoustic CS+ were significantly increased in the auditory cortex, cochlear nucleus, and somatosensory cortex. No such enhancement was found at the cuneate nucleus. Because the subjects SENSORY AND PUPILLARY CONDITIONING 1133 were immobilized by neuromuscular paralysis, these modifications in neural activity cannot be attributed to changes in stimulus intensity at the cochlea or to electrical artifact associated with performance of the conditioned response. Neither can they have been the result of sensory feedback from the conditioned pupillarydilation response as such feedback must have been minimal, consisting only of increased light to the visual system. The negligible contribution of feedback was further emphasized by the finding that the enhancement of the neural responses was evident during the first 150 ms of a trial, prior to the onset of pupillary dilation. Sensitization effects which could confound the interpretation of the neural data were also ruled out because the neural loci which exhibited increased multiple-uni t responses to the CS+ also exhibited discrimination between the CS+ and CS-.
As with the behavioral responses, when the tone was paired with shock and the white noise stimulus no longer reinforced, the neural effects, previously established on day 1, were also gradually reversed.
Having demonstrated conditioned modification of multiple-unit activity, we further considered whether these results could be attributable to a general increase in neural excitability occurring throughout the brain due to the mere institution of conditioning procedures. This possibility was rejected because the multiple-unit changes were not found in all loci and they occurred at differing rates in those regions which did exhibit significant changes. Therefore, the enhancement of sensory neural responses to the CS+ can be attributed to the conditioning per se, that is, to the specific association between the CS and the US.
-Relation to previous studies
The present findings support and extend previous reports of increased multiple-unit responses of the auditory sys-, tern to a CS+ (3, 10,23). However, they also differ in some important respects. Halas et al. (10) have contended that conditioned increases occur sequentially throughout the auditory system, progressing from the cochlear nucleus rostrally to the auditory cortex. We found that the auditory cortex attained criterion sooner than the anteroventral cochlear nucleus. We cannot reconcile this discrepancy except to point out that the previous authors noted the first trial on which a response occurred, rather than requiring a consistent response increment as in the present case.
A second discrepancy is that we found consistent response increases in the somatosensory cortex, whereas Buchwald et al. (3) reported that paralysis abolished such effects. Those authors attributed the somatosensory cortex changes to sensory feedback following movement, but the present findings indicate that they occur in the absence of such feedback. Several other researchers have also observed increases in unitary firing rates within the somatosensory cortex (postcruciate gyrus) which occurred during conditioning yet cannot be attributed to movement, either because the animals were paralyzed (2 1, 22) or the onset of the neural increase preceded motor response (7, 23) .
Specijkity
of modijkation of sensory system responses That enhancement of multiple-unit responses to the CS+ was found in the somatosensory system as in the auditory system might suggest that Pa-Jovian conditioning produced a general increase in excitability throughout the nervous system, or at least in sensory systems. However, several important differences between the auditory and somatosensory system responses were also observed.
The auditory cortex and cochlear nucleus responses exhibited better discrimination between the CS+ and CS-than did the somatosensory cortex, as evidenced both by the number of animals displaying discrimination (Table 2 ) and the nature of their responses to the CS-. With regard to the latter, the cochlear nucleus responses were reduced below sensitization levels (Fig. 8) , the auditory cortex responses were unchanged (Fig. 6 ), but the somatosensory responses were significantly enhanced (Fig. 10) . Thus the auditory system exhibited response enhancement only to the CS+, whereas the (Table 2 ).
The auditory cortex exhibited a "memory" of day 1 training as evidenced by its greater responses to the previous CS+ (white noise) at the beginning of day 2. It is of some interest that this region, but not the somatosensory cortex, appeared to retain the specific effects of conditioning which had been established 1 wk earlier.
